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Abstract 
Silicone containing amphiphilic co-networks are used as immobilisation matrix for ABTS (chromophor) and 
horseradish peroxidase. The good gas diffusion properties as well as the good immobilisation properties of the 
silicone containing APCNs, reffered to as silicone hydrogels, makes this type of sensors suitable for fast real-time gas 
detection. Detection of 1 ppm of gaseous peroxide (used as explosive or precursor) is feasible within seconds. 
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Detection of gaseous peroxides in ambient air is an important subject to detect peroxide-type 
explosives such as triacetone triperoxide (TATP). Therefore a sensitive and rapid detection method for 
peroxides is desirable, which is not limited to liquid and solid samples. The high loss of mass by 
sublimation allows the detection of such explosives in the gas phase, even decomposition by UV will be 
needed to form hydrogen peroxide [1]. 
We present a new optical polymer thin film sensor for high sensitivity and rapid response detection of 
gaseous hydrogen peroxide. The sensor consists of a silicone-containing amphiphilic co-network (APCN) 
in which the enzyme horseradish peroxidase and 2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid 
(ABTS) as chromophor has been embedded. Due to the unique properties of the APCNs, accurate 
detection of hydrogen peroxide at the ppm level is feasible within seconds. 
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APCNs are copolymeric two-component networks consisting of hydrophilic and hydrophobic phases. 
These contrary phases build covalently co-connected networks and form nanophase-separated areas.  The 
AFM phase image of PDMAEA-l-PDMS shows the typical morphology of an amphiphilic co-network. 
So, a co-continuous distribution of the different phases over the whole sample can be seen [Fig.1]. This 
co-continuous morphology and the small dimensions of separation in the APCN lead to a great inner 
surface. This high amount of interface between both phases allows a large exchange from the diffusion 
phase to the reaction phase, with the result of fast reactions. silicone hydrogel-APCNs are i.a. used for 
long term contact lenses and drug delivery systems. Another innovative application of these amphiphilic 
networks includes the use as optochemical sensors. 
 
Fig. 1: AFM phase mode image of the surface of PDMAEA-l-PDMS (50:50), dark = PDMS 
 
APCNs with non-covalently immobilized (doped) enzymes and/or indicators have outstanding 
properties for usage as optical sensors in gaseous and in liquid phases [2, 3]. Due to the large interface 
between the phases ± in bulk and surface ± and the high gas permeability (silicone phase), a short 
response time results for detection in the ppm range for gas phase hydrogen peroxide. 
Here, we describe the enzymatic detection of hydrogen peroxide in an APCN thin film within seconds 
as a prototype for detection of gaseous peroxides.  
The sensor films were prepared by copolymerisation of 2-dimethylaminoethyl acrylate (DMAEA) with 
the macromonoPHU ĮȦ-dimethacryloxymethyl-polydimethylsiloxane (MA-PDMS-MA) on a previously 
methacrylate-modified glass slide, thickness limited by distance strips. Completed the reaction by a 
purification step yields a 40 μm optical clear film of poly(2-dimethylaminoethyl acrylate)-l-
polydimethylsiloxane (PDMAEA-l-PDMS). [Fig. 2]. Sensor synthesis is completed by loading the thin 
film with horseradish peroxidase/ABTS in PBS and allowed to dry, leaving the enzyme and ABTS 
immobilized in the PDMAEA phase. 
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Fig. 2: Synthesis route for PDMAEA-l-PDMS, (blue = hydrophilic, red = hydrophobic) 
 
Measurements were taken in a modified UV-VIS spectrophotometer, with an adjusted flow of 1000 
ml/min at several H2O2 concentrations. The H2O2 concentrations were set by evaporation of aqueous H2O2 
solutions into a stream of carrier air. The calibration is based on the well-defined vapour pressure of 
hydrogen peroxide over binary mixtures of hydrogen peroxide and water at defined temperatures [4].   
Spectral development at the wavelength of 420 nm (oxidised form of ABTS) was detected and 
evaluated by correlating the change of absorbance in the starting phase with the vapour phase hydrogen 
peroxide concentration [Fig. 3]. 
 
Fig. 3: Spectral changes at 420 nm within the first 35 seconds. Reaction of vapour phase hydrogen peroxide (VPHP) with 
ABTS/horseradish peroxidase in PDMAEA-l-PDMS (50:50) 
 
The linear fit of the slope between two setting points of the detected absorbance leads to a maximum 
slope within the first seconds. In the presented case the slope was evaluated for the period between 15 and 
25 seconds, due to the high linearity in this range. Accurate detection within 25 sec for H2O2 
concentrations down to 1 ppm were achieved [Fig. 4].  
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Fig. 4: Calibration curve, correlating the change of absorbance with the concentration of gaseous H2O2. 
 
In our previous works, we have demonstrated the applicability of silicone hydrogels for the 
immobilisation of enzymes for peroxide detection in liquids, as well as immobilisation of chemical 
indicators for chlorine gas sensing. In this presented study, we combine perfectly the immobilisation of 
enzymes, with the high gas permeability of the silicone hydrogels, for fast and accurate gas phase 
hydrogen peroxide detection. Both required polymer conditions ± high gas permeability and good 
enzyme/indicator immobilisation ± are affected by the exceptional properties of APCNs 
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